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BACKGROUND OF THE INVENTION 



Field of the Invention 

[000 1 ] The present invention relates to a nonlinear characteristic spring and a radius ami type 
truck using this spring. 

Description of Related Art 

[0002] Conventionally, a radius arm type truck used in a railway vehicle is known. For 
example, this radius arm type truck is disclosed in U.S. Patent No. 5, 1 89, 962 and Japanese Patent 
No. 2,5 1 1 ,1 20 (see pages 3 to 4 and Fig. 1 of this publication). In this radius arm type truck, 
supporting rigidity of its radius ami supporting device is an important element having a great 
influence on riding comfortableness of the vehicle. Furthei; a coil spring is used as a primary 
spring used in the truck for the railway vehicle. This coil spring is basically a spring having a 
linear characteristic in which spring constant is invariable if load applied on the spring is increased. 
In general, the riding comfortableness of the vehicle is better when the spring constant of the 
primary spring is smaller. 

[0003] In the case of a vehicle in which a full passenger state is rare and the load on the spring 
commonly varies within the range from empty state to substantially fixed-number passenger state, 
it is desirable to design the vehicle so that passengers feel most comfortable when substantially 
fixed-number or less passengers are on the vehicle . However, such requirement is insufficiently 
met in the radius ami type truck using the linear characteristic spring as the primary spring. 
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When the linear characteristic coil spring having the small spring constant is used in the truck to 
improve riding comfortableness under the condition in which substantially fixed-number or less 
passengers are on the vehicle, difference between spring flexure due to the load in the empty state 
and spring flexure due to the load in the full passenger state becomes too large, which adversely 
affects the operation of a current collector as described later. As defined herein, the full passenger 
state refers to a state in which an interior of vehicle is filled up with passengers including standing 
passengers, and fixed-number passenger state refers to a state in which the passengers are all 
seated and few passengers are standing. 

[0004] Accordingly, for the purpose of gaining riding comfortableness in the vehicle in which 
the load on the spring commonly varies within the range from the empty state to substantially 
fixed-number passenger state, a primary spring device having the primary spring having nonlinear 
characteristic maybe used. 

[0005] Japanese Utility Model No. 2,582,044 discloses such a primary spring device having 
nonlinear characteristic (see pagp 2 and Figs. 1 and 3 of this publication). This primary spring 
device is an axle box supporting device for a railway vehicle in which a ring-shaped elastic body 
is provided between a substantially-conical lower fitting member fixed to an axle box and an outer 
fitting member fixed to a base frame and having a substantially-conical internal space . In this 
axle box supporting device, a coil spring is fitted outside of the outer fitting member and between 
the axle box and the base frame. The elastic body itself has nonlinear characteristic. In this 
device, the coil spring and the ring-shaped elastic body are arranged in parallel with a vertical load 
Since the coil spring and the elastic body receive the vertical load in parallel, the coil spring is 
adapted to bear some of the vertical load, and the vertical load applied on the elastic body is 
correspondingly reduced. Accordingly, permanent set in fatigue caused by load applied for a 
long period of time, can be reduced in the elastic body even when the rigidity of the elastic body in 
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the vertical direction is reduced Thus, the riding comfortableness in the railway vehicle can be 
improved 

[0006] The axle box device described above has advantage of capable of bearing the loads in 
both vertical direction and horizontal direction. However, the structure of the axle box device 
become complex, because the coil spring and the elastic body attached between the lower fitting 
member and the outer fitting member are used to gain the nonlinear characteristic. 
[0007] Further, a truck having a current collector (corresponding to a so-called pantograph) is 
also known. This truck takes in an electric power by making the current collector come in 
contact with a third rail for power supply while the truck is traveling on a running rail. The truck 
runs along the rail provided with the third rail for power supply arranged in parallel with the rail 
for running. For example, as shown in Fig. 5, this truck is constructed such that the current 
collector 21 which c canes in elastic contact with the third rail is attached to the base frame 1 1 and 
the power is taken in from this current collector 2 1 . The current collector 2 1 is attached to an arm 
member 22 elasticaBy supported by the base frame 1 1 to be vertically movable with the arm 
member 22. A flexible electric cable 23 is connected to the current collector 2 1 . 
[0008] In this case, the maximum moving amount of the current collector 2 1 is restricted to a 
predetermined magnitude (e.g., about 35 mm) in view of its structural limitation. Accordingly, it 
is undesired that the tuck vertically move beyond the predetermined magnitude. For such 
reasons, the spring constant of the linear coil spring used in the primary spring device is restricted 
by the maximum moving amount of the current collector 2 1 . 



SUMMARY OF THE INVENTION 
[0009] Under the circumstances, the present invention has been made, and an object of this 
invention is to provide a spring having nonlinear characteristic that can improve riding 
comfortableness when fixed-number or less passenger are on a vehicle in which a full passenger 



state is rare and the load on the spring commonly varies within the range from empty state to a 
certain state between the empty state and the full passenger state (for example, substantially 
fixed-number passenger state), and a radius ami type truck using the spring, 
[001 0] A nonlinear characteristic spring of the present invention is a coil spring used in a primary 
spring of a truck for a railway vehicle, and has a tapered portion having a spring 
wire/rod(hereinafter referred to as wire) diameter that gradually decreases as it is closer to an end 
portion of the spring wire . As used herein, "the spring wire diameter that gradually decreases as it 
is closer to an end portion of the spring wire of the coil spring" means that the coil spring includes 
a portion having a spring wire diameter that gradually decreases as it is closer to an end portion of 
the spring wire . For example, the spring wire diameter is thus varied by machining process. 
[00 1 1 ] The coil spring so formed has nonlinear characteristic (see Fig. 2). Accordingly, when 
the coil spring is used as the primary spring of the truck for a railway vehicle in which the full 
passenger state is rare and the load on the spring commonly varies in the range from the empty 
state to a certain state between the empty state and the full passenger state (for example, 
substantially fixed-number passenger state), the primary spring is softened (spring constant is 
smaller) in the range from the empty state to the substantially fixed-number passenger state, while 
the spring is made relatively stiff (spring constant is larger) in the range from the substantially 
fixed-number passenger state to the full passenger state. As a result, riding comfortableness is 
improved when the fixed-number or less passengers are on the vehicle without generating large 
spring flexure unlike in the conventional primary spring . 

[0012] Furthermore, this coil spring is lightweight in contrast to a taper coil spring having 
nonlinear characteristic by changing its coil diameter. Although the taper coil spring requires a 
large space for a large diameter portion thereof to be placed, the nonlinear characteristic coil spring 
of the present invention gains the nonlinear characteristic by changing the spring wire diameter, 
and thereby, the above described problem is avoided 
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[0013] In this structure, a constant-diameter portion having a constant spring wire diameter is 
formed and the tapered portion is formed continuously on each of both ends of this 
constant-diameter portion. 

[00 14] In such a construction, the constant-diameter portion having the constant spring wire 
diameter is formed at the intermediate portion of the coil spring, and tapered portions each having 
the spring wire diameter that gradually decreases as it is closer to the end portion of the spring wire, 
are formed on both ends of the constant-diameter portion. Accordingly, required nonlinear 
characteristic can be obtained by combining the tapered portion and the constant-diameter portion 
of proper lengths (i.e., by adjusting the lengths of the tapered portion and the constant-diameter 
portion). 

[001 5] A radius arm type truck of the present invention comprises a base frame, an axle box for 
supporting an axle, a radius arm rotatably supported by the base frame at one end thereof and 
connected to the axle box at an opposite end thereof, and a coil spring provided as a primary 
spring between an upper portion of the axle box and the base frame, wherein the coil spring is 
formed by a nonlinear characteristic spring having a tapered portion having a spring wire diameter 
that gradually decreases as it is closer to an end portion of a spring wire. 
[0016] In the above construction, since the coil spring as the primary spring has nonlinear 
characteristic, the primary spring is softened (spring constant is smaller) in the range from the 
empty state to the substantially fixed-number passenger state in the vehicle in which full 
passenger state is rare and substantially fixed-number passenger state is common, and as a result, 
riding comfortableness is improved when the fixed-number or less passengers are on the vehicle. 
Therefore, it is not necessary to provide both of the elastic body and the coil spring unlike in the 
radius arm device disclosed in the prior art, and riding comfortableness is improved when the 
fixed-number or less passengers are on the vehicle, with a simple construction. 
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[001 7] When the coil spring is mounted, it is preferable that the radius arm type truck may 
further comprise a lower spring seat provided on the upper portion of the axle box with a first 
elastic member disposed between the lower spring seat and the axle box; and an upper spring seat 
provided on the base frame with a second elastic member disposed between the upper spring seat 
and the base frame, wherein the coil spring is mounted between the upper spring seat and the 
lower spring seat. 

[001 8] The truck may be constructed to run along a railroad provided with a third rail for power 
supply arranged in parallel with a rail for running, and a current collector that comes in elastic 
contact with the third rail may be attached to the base frame. 

[001 9] In acccrdance with such construction, maximum moving amount of the current collector 
is not restricted by its structural limitation even in the vehicle in which the current collector for 
taking in electric power by elastic contact with the third rail is attached to the base frame. 
Accordingly, the spring constant is not restricted by the maximum moving amount of the current 
collector unlike in the linear coil spring. 

[0020] The above and further objects and features of the invention will be more fully be 
apparent from the following detailed description with accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[002 1 ] Fig. 1 is a longitudinal sectional view showing one embodiment of a nonlinear 
characteristic spring of the present invention, which is used as a primary spring of a truck for a 
vehicle. 

[0022] Fig. 2 is a diagram of a load and a spring height showing the relation of the spring 
(external) load and the spring height of the nonlinear characteristic spring of Fig. 1 . 
[0023] Fig. 3 is a partially cioss-sectional front view showing one embodiment of the truck of 
the present invention. 



[0024] Fig. 4 is a plan view of the truck in Fig. 3. 

[0025] Fig. 5 is a peispective view showing one example of a current collector attached to the 
truck for vehicle. 

[0026] Fig. 6 is a longitudinal sectional view showing another embodiment of a nonlinear 
characteristic spring of the present invention, which is used as a primary spring of a truck for a 
vehicle. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] The embodiments of the present invention will be described with reference to the 
drawings. 

[0028] As shown in Fig. 1 , a nonlinear characteristic spring 1 of the present invention has a wire 
diameter that gradually decreases as it is closer to an end portion of the spring wire. Specifically, 
as shown in Fig. 1 , tapered portions 1 A and 1C having small and varying wire diameters arc 
formed in the vicinity of upper and lower end portions, and a constant-diameter portion IB having 
a laige and constant wire diameter is formed in the vicinity of an intermediate portion in the 
vertical direction. In this embodiment, each of the tapered portions lAand IChasawire 
diameter of 30 to 35mm, winding number of 1 .0, pitch of 5 1 .3 mm, and coil diameter of 1 84mm. 
In the upper tapered portion 1 A and the lower tapered portion 1C, a connecting portion connected 
to the constant-diameter portion IB has a wire diameter of 35mm, the end portion of the spring 
has a wire diameter of 30mm and the wire diameter linearly decreases from the connecting 
portion to the end portion in the range of from 35 mm to 30 mm. Its ratio is 0.86. 
[0029] Meanwhile, the constant-diameter portion IB have a wire diameter of 35mm (constant), 
winding number of 1 .8, pitch of 66.3 mm, and coil diameter of 1 89mm. The above 
specifications of the constant-diameter portion IB and the tapered portions lAand 1C are only 
illustrative and the present invention is not limited to these specifications. 
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[0030] Fig. 2 shows the relation between a spring (external) load and a spring height regarding 
such a nonlinear characteristic spring by using a calculated value, an actually measured value 1 
and an actually measured value 2. As can be seen from Fig. 2, the relation between the spring 
(external) load and the spring height is not linear and hence has nonlinear characteristic. 
Regarding these nonlinear characteristic, the calculated value, the actually measured value 1 and 
the actually measured value 2 approximately conform to each other. As shown, the variation in 
the spring height with respect to the spring load is large (the spring is soft) when the load is smaller 
than around 30, 000N to 40, 000 N, while the variation is small (the spring is stiff) when the load 
is larger than around 30, 000N to 40, 000N. In this embodiment, the weight of the vehicle in 
empty state corresponds to approximately 28,000 N, the weight of the vehicle in the substantially 
fixed-number passenger state corresponds to approximately 40,000 N, and the weight of the 
vehicle in a full passenger state corresponds to approximately 60,000 N. 
[003 1] In the case of a vehicle in which a full passenger state is rare and substantially 
fixed-number or less passenger state is common, riding comfortableness is improved when the 
primary spring is softer from the empty state to fixed-number passenger state. 
[0032] When actually used as the primary spring, a linear characteristic spring 2 is provided 
concentrically within the nonlinear characteristic spring 1 . That is, the primary spring has a 
double-spring structure. In this case, the wire diameter of the linear characteristic spring 2 is set 
to 20 mm and smallerthan the wire diameter of the nonlinear characteristic spring 1. Further, the 
coil diameter of the linear characteristic spring 2 is set to 124 mm and smallerthan the coil 
diameter of the nonlinear characteristic spring 1 . 

[0033] A radius arm type truck using the primary spring will be described with reference to Figs. 
3 and 4. 

[0034] One end of a radius arm 12 is rotatably supported by a radius arm supporting portion 3 1 
of a base frame 1 1 by mears of a bearing portion 1 0. At the bearing portion 1 0, the radius arm 1 2 
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is axially coupled to the supporting portion 3 1 by means of an elastic body 32 and a shaft 33. 
The elastic body 32 is fitted around the shaft 33. The deformation of the elastic body 32 allows 
the radius ami 12 to vertically pivot around the bearing portion 10. An axle box 13 is 
continuously formed integrally at the other end of the radius aim 1 2. The radius arm 12 projects 
from the axel box 1 3 in the direction toward which the truck travels. As mentioned above, the 
radius arm 12 is vertically pivotable around the connecting portion between the one end thereof 
and the base frame 11. As a result, the axle box 13 is vertically movable relatively to the base 
frame 11. An axle 35 is rotatably supported by a bearing 34 fitted to the axle box 13. 
[0035] In such a construction, the relative displacements (or pivot movement) in the 
longitudinal, lateral and vertical directions generated between the axle 33 and the base frame 11 
are allowed by deformation of the elastic body 32 and the pivot movement of the radius aim 12. 
As a result, traveling stability of the truck is increased 

[0036] A lower spring seat 1 5 is provided on the upper side of the axle box 1 3 with a first 
elastic member 14 disposed between the seat 15 and the axe box 13. Further; an upper spring 
seat 1 7 is provided in a portion of the base frame 1 1 located above the axle box 1 3 with a second 
elastic member 16 disposed between the seat 17 and the base frame 1 1 . A radius arm supporting 
device 1 9 is constructed by providing a primary spring 1 8 between the upper and lower spring 
seats 1 5 and 17. The primary spring 1 8 has a double-spring structure comprised of the nonlinear 
characteristic spring 1 and the linear characteristic spring 2 located concentrically within the spring 
1 . This primary spring 1 8 is structured to have nonlinear characteristic in which the spring height 
nonlineariy varies with respect to the spring load. 

[0037] The primary spring 1 8 includes the nonlinear characteristic spring 1 exhibiting the 
nonlinear characteristic in which the spring wire diameter gradually decreases as it is closer to an 
end portion of the spring wire . The radius arm type truck having such a primary spring is 
particularly effective in the case of a vehicle in which a fiill passenger state is rare and the load on 
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the spring commonly varies within the range from empty state to substantially fixed-number 
passenger state. In accordance with this coil spring (primary spring 1 8), as shown in Fig. 2, the 
variation in spring height with respect to the load is laiger (spring constant is low or spring is soft) 
when the load is smaller Accordingly, riding comfortableness in the above-described passenger 
state is improved by setting the spring constant smaller in the range of spring flexure 
corresponding to the range from the empty state to substantially fixed-number passenger state. 
[0038] When the linear characteristic spring is used in the truck running along a railroad 
provided with a third rail for power supply arranged in parallel with the rail for running, the 
maximum moving amount of the current collector is restricted because of its structural limitation 
as described above. Therefore, the spring constant of the linear coil spring is restricted according 
to the maximum moving amount of this current collector. However, in the case of the truck using 
the nonlinear characteristic spring as the primary spring, it is possible to avoid the problem that the 
spring constant is restricted by the limitation of the maximum moving amount of the current 
collector. 

[0039] In the nonlinear characteristic spring 1, the tapered portions 1 Aand 1C each having the 
spring wire diameter that gradually decreases as it is closer to the end portion of the spring wire, 
are provided continuously on both ends of the constant-diameter portion IB having a constant 
spring wire diameter. However; the present invention is not intended to be limited to this. For 
example, the constant-diameter portion IB may be omitted and the tapered portions 1 A and 1C 
may be provided to be symmetric with respect to the center in the longitudinal direction of the 
spring wire. Further, the ratio of the lengths between the constant-diameter portion IB and the 
tapered portions 1 A and 1 C may be varied as desired In the present invention, the range within 
which the spring constant of the primary spring is set smaller is not limited to the range of spring 
flexure corresponding to the range from the empty state to the substantially fixed-number 
passenger state of the vehicle. In vehicles to which the present invention is applicable, the spring 
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constant of the primary spring may be set smaller in the range of spring flexure corresponding to 
the range from the empty state to the common load state (between the empty state and the full 
passenger state). 

[0040] Fig. 6 shows another primary spring 36. This primary spring 36 is formed by combining 
a nonlinear characteristic spring 37 and a linear characteristic spring 38 located concentrically 
inside the nonlinear characteristic spring 37. This primary spring 36 is used in a vehicle having 
specification different from that of the vehicle provided with the primary spring 18 (Fig. 1). In 
other words, the primary spring 36 in Fig. 6 is used in the vehicle in a different load condition. 
[0041 ] In this primary spring 36, each of upper and lower tapered portions 37A and 37C has a 
wire diameter of 28 to 34mm, winding number of 1 .5, pitch of 60.0 mm, and coil diameter of 
1 95mm. In the upper tapered portion 37A and the lower tapered portion 37C, a connecting 
portion connected to the constant-diameter portion 37B has a wire diameter of 34mm, the end 
portion of the spring wire has wire diameter of 28 mm, and the wire diameter linearly decreases 
from the connecting portion to the end portion in the range of from 34 mm to 28 mm. Its ratio is 
0.82. Meanwhile, the constant-diameter portion 37B have a wire diameter of 34mm (constant), 
winding number of 1 .5, pitch of 71 . 33 mm, and coil diameter of 201 mm. 
[0042] The wire diameter of the linear characteristic spring wire 38 has wire diameter of 22mm, 
and smaller than the diameter of the nonlinear characteristic spring 37. The coil diameter of the 
linear characteristic spring 38 is 1 34mm and is smaller than the coil diameter of the nonlinear 
characteristic spring 37. 

[0043] Although the present invention has fully been described by way of example with 
reference to the accompanying drawings, it is to be understood that various changes and 
modifications will be apparent to those skilled in the art. Therefore, unless otherwise such 
changes and modifications depart from the scope of the invention, they should be construed as 
being included therein. 



